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doi:10.1016/j.ejvs.2009.03.006Abstract Rupture of a thoraco-abdominal aortic aneurysm (TAAA) is usually lethal. Patients
with contained ruptures, who reach the hospital, have traditionally been subjected to open
reconstructive surgery. However, especially in older patients, open surgery has a high mortality
and morbidity rate. Visceral hybrid procedures (VHPs) can provide an alternative in this high-
risk patient group. We present a literature review of VHPs with a focus on acute TAAAs.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.A thoraco-abdominal aortic aneurysm (TAAA) is potentially
lethal. An estimated incidence of 5e10/100 000 is repor-
ted.1,2 A prospectively included cohort of 721 patients
showed a 5-year survival rate of patients with untreated
aneurysms larger than 6 cm to be approximately 56%, with
a yearly rupture, dissection or death rate of at least 14.1%.3
However, elective open surgery is associated with high
mortality (10% in expert centres and up to 20% in other
centres) and high morbidity rates as well.2,3 Advanced age,
a Crawford type II TAAA, preoperative renal impairment,
cardiac disease, cerebral vascular occlusive disease and
obstructive pulmonary disease are associated with poorartment of Surgery/Vascular
4-107, P.O. Box 22660, 1100
. Tel.: þ31 20 5667832;
Balm).
ty for Vascular Surgery. Publisheoutcomes.4,5 Elective surgical repair is generally considered
when elective operative mortality rate is less than the
yearly rupture rate of the TAAA. A Swedish registry study
revealed an overall out-of-hospital mortality rate of 59% (65
patients with a ruptured TAAA). Of the remaining 41% of the
patients that reached the hospital alive, only two were
operated.2 Other publications report mortality rates in the
range of 26e72% after emergency repair of TAAAs.1,5,6 After
the introduction of endovascular techniques in aortic
aneurysm repair, the treatment options of TAAAs have
changed. Visceral hybrid procedures (VHPs) have been
described since 1999.7 This technique combines open renal
and visceral bypass surgery with endovascular exclusion of
the aneurysm. This avoids thoraco-phrenico-laparotomy
and aortic cross clamping. Importantly, visceral and renal
ischaemia times can be minimised. Although described only
in small non-randomised series and a high-level evidence is
lacking, this technique shows encouraging results withd by Elsevier Ltd. All rights reserved.
An Emergency Visceral Hybrid Procedure 163a trend towards less mortality and morbidity in elective and
urgent cases.5,8e11 We present a literature review of VHPs
which a focus on acute TAAAs in order to illustrate the
potential of this treatment option, especially in high-risk
patients who may not be eligible for open surgery.
Literature Review
A search of the literature published between September
1999 (initial report of VHP by Quin˜ones7) and December
2008 was performed using PubMed. Search strategies using
the keywords ‘thoraco-abdominal aneurysm’, ‘endovas-
cular’ and ‘hybrid’ were deployed. Relevant publications
were identified by reading the abstracts and an additional
search through the reference list of the relevant articles
was carried out. Publications were included if (1) a hybrid
procedure was performed combining re-vascularisation of
visceral arteries with endovascular exclusion of the TAAA;
(2) follow-up longer than 30 days was reported; (3)
a statement was made on mortality and morbidity following
the procedure; (4) in case of heterogeneous groups, the
follow-up of the VHP group had to be clear and (5) data had
not been published earlier. Selection of articles and data
was done by two independent reviewers. Disagreements on
inclusion were solved by discussion.
Results
After the initial search was performed, 53 articles (repre-
senting 297 cases of VHPs) were identified. After exclusion
of the ineligible articles, 38 remained, representing 222
cases (Fig. 1). The selected articles are summarised in
Table 1. The mean age of 211 patients (no data available on
11 patients) was 65.9 years (range: 17e85 years). In 143
men and 67 women (gender was not reported in 12 cases),
186 elective, 35 symptomatic and 19 acute VHPs were
performed. Of the 222 patients, 124 (56%) had undergone
a central vascular procedure earlier. In most cases it was
explicitly stated that the patients were deemed unfit for
conventional operative repair due to congestive heart53 articles
(297 cases)
38 eligible articles
(222 cases)
16 articles mention
urgent repairs
(54 cases)
12 sufficient data for
analysis urgent repair
(34 cases)
22 articles on elective
Repairs
(168 cases)
4 articles ineligible
for separate analysis 
of urgent cases
(20 cases) 
15 ineligible articles
(75 cases)
Figure 1 Diagram showing article selection process.failure, ischaemic heart disease and chronic obstructive
pulmonary disease. The average diameter of the aneurysm
was 7.2 cm (range: 2.6e12 cm). The distribution of aneu-
rysm type is listed in Table 2. A total of 699 bypasses were
constructed. The inflow source predominantly was an iliac
artery or an (previously inserted) aortic graft. The number
of grafts depended on the individual anatomy and extent of
the aneurysm, functionality of the kidneys and previous
visceral/renal bypass surgery. After re-vascularisation of
the renal arteries (304/444; 68%), the superior mesenteric
artery (188/222; 85%) and the celiac trunk or its major
branches (173/222; 78%), the aneurysm was excluded. The
procedure was done in a single session in 73%, the remainder
in two sessions. During the procedure, three patients in the
one-stage group turned out to be anatomically unfit for the
VHP; two of these received other treatments; the other
patient died 10 days after the exploratory laparotomy due to
aneurysm rupture. In nine patients of the two-stage group,
the procedure was not completed. One patient refused
endovascular treatment, one turned out to be anatomically
unfit, the remaining seven (9%) died (four of aneurysm
rupture) before the final stage could be attempted. Spinal
drainage was used in 37% (69/185) of the patients; no data
regarding this were available in 37 patients.
The30-dayorhospitalmortality ratewas16%(35/222).Early
deaths were mostly due to haemorrhage (12 cases), visceral
ischaemia (six cases), multi-organ failure (five cases) and
myocardial infarction (four cases). Conditions such as (ischae-
mic) pancreatitis, respiratory failure, peri-operative death
(unspecified), sepsis, pulmonary embolism and sub-arach-
noidal haemorrhage accounted for the other early deaths.
Postoperative complications are shown in Table 3. Only
three patients needed a redo-operation for graft occlusion.
In the early phase (<30days) 18 type I endoleaks (10
treated by an additional stent, one by ligation of an iliac
artery and seven untreated), 16 type II endoleaks (only two
needed to be coiled) and two type III endoleaks (untreated)
occurred. The mean follow-up time was 13.0 months
(range: 1e78 months). During this follow-up period another
18 patients died (10.4 months; range: 2e36 months). These
late deaths were due to cardiac conditions (NZ 4),
ruptured recurrent aneurysm (NZ 3), respiratory failure
(NZ 3), kidney failure (NZ 1) and pancreatitis (NZ 1). In
six cases, the cause of death was not specified. The overall
cumulative survival of the 222 patients treated with a VHP
was 76% after this 13-month follow-up period.
During follow-up, there were two additional cases of
type I endoleaks; one of which was treated with an addi-
tional endovascular graft. Three previously noted persis-
tent type I endoleaks were left untreated. Of the two cases
of type III endoleaks, one was treated with a stent and the
two late type II endoleaks were left untreated. The follow-
up data on graft patency were given in 641 out of the 699
grafts. Out of these 641, 622 grafts were patent at the last
follow-up (97%).
Symptomatic and ruptured TAAAs treated with VHP
In addition, we tried to gain more insight in the results of the
acutely treated patients. Therefore, we identified all
reported ruptured (signs of rupture on CT scan) and symp-
tomatic (painful aneurysm, but no signs of rupture on CT
Table 1 Characteristics of the reviewed articles concerning patients with a TAAA who were treated by means of VHP
Year Author N Age
(yr)
Range Diameter
(cm)
Range Elective Symptomatic Rupture 1
stage
2
stage
30-day/
hospital
mortality
FU
(months)
Range
1999 Quin˜ones-Baldrich et al.7 1 62 62 5 5 1 0 0 1 0 0 6.0 6
2000 Lawrence-Brown et al.12 2 76.5 73e80 6 6e6 2 0 0 2 0 0 36.0 36e36
2000 Macierewicz et al.13 1 64 64 8 8 1 0 0 1 0 0 22.0 22
2002 Saccani et al.14 2 71.5 71e72 6.5 6e7 2 0 0 2 0 1 7.0 0e7
2003 Iguro et al.15 1 63 63 6 6 1 0 0 1 0 0 12.0 12
2003 Kotsis et al.16 4 67 59e73 8.25 6e10 2 1 1 4 0 1 14.0 0e30
2003 Lin et al.17 1 79 79 6.4 6.4 1 0 0 1 0 0 36.0 36
2004 Chiesa et al.18 1 78 78 9 9 1 0 0 0 1 0 12.0 12
2004 Flye et al.19 3 56 50e67 6.9 6.5e7.3e? 3 0 0 0 3 0 14.7 11e21
2004 Lundbom et al.20 4 61 54e67 9 ?e?e9e9 3 0 1 4 0 1 12.5 0e34
2005 Ruppert et al.21 1 54 54 5.7 5.7 1 0 0 1 0 0 1.5 1.5
2005 Bonardelli et al.22 1 65 65 6.1 6.1 0 1 0 1 0 0 7.0 7
2005 Castelli et al.23 3 71 68e72 6.75 6.5e7e? 3 0 0 3 0 2 1.3 0e3
2005 Fulton et al.8 10 70 49e84 6.1 2.6e10 10 0 0 8 2 0 8.7 0e13
2005 Gregoric et al.24 1 53 53 5.9 5.9 1 0 0 0 1 0 1.5 1
2006 Black et al.5 29 74 37e81 7.5 5e12 22 4 3 29 0 7 8 2e31
2006 Gotardi et al.25 1 82 82 7 7 1 0 0 0 1 0 2 2
2006 Pe´rez et al.26 1 67 67 5.6 5.6 1 0 0 1 0 0 12 12
2006 Resch et al.9 13 64 33e77 6.2 4e10 8 3 2 2 11 3 23 1e45
2006 Yoshida et al.27 1 85 85 8 8 1 0 0 0 1 0 4 4
2006 Brueck et al.28 5 NA NA NA NA 5 0 0 5 0 0 12 2e22
2007 Gawenda et al.29 6 56.7 35e68 7.75 6.5e10 3 3 0 6 0 0 9 9
2007 Testi et al.30 1 58 58 NA NA 0 1 0 1 0 0 14.9 1e57.4
2007 Chiesa et al.10 13 69.6 35e82 7.3 6.4e12 12 0 1 13 0 2 21 2e36
2007 Donas et al.31 8 72.8 63e79 7.8 5.5e10 2 5 1 7 1 1 12 12
2007 Bakken et al.32 1 54 54 6 6 1 0 0 0 1 0 8 1e15
2007 Lee et al.11 17 69 17e83 6.4 4.9e8.0 17 0 0 0 17 3 6.5 2e11
2007 Lawlor et al.33 2 78 78e78 7.5 7e8 1 0 1 2 0 0 1 NA
2008 Bo¨ckler et al.34 28 66 34e81 7.5 4.5e12 20 4 4 17 11 5 22 1e78
2008 Hughes et al.35 6 63 NA NA NA 4 2 0 6 0 0 1 NA
2008 Tshomba et al.36 7 71 63e78 7.2 6.2e8.4 7 0 0 7 0 1 23 1e26
2008 Starnes et al.37 1 62 62 7.2 7.2 1 0 0 0 1 0 1 1
2008 Kpodonu et al.38 1 71 71 5.3 5.3 1 0 0 1 0 0 1 1
2008 Imai et al.39 4 65.5 40e82 6.9 4.5e8.3 2 0 2 4 0 1 13 10e20
2008 Ballard et al.40 4 69.5 47e81 7.30 6e7e?e9 4 0 0 0 4 0 10.5 8e12
2008 Kanaoka et al.41 1 72 72 NA NA 0 1 0 1 0 0 72 72
2008 Van de Mortel et al.42 16 69 32e82 7.8 4e12 11 4 1 12 4 5 13 8e28
2008 Wolf et al.43 20 58.3 37e68 7.4 5e12 12 6 2 19 1 2 5.7 1e12
Total 222 168 35 19 162 60 35
164
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Table 2 Aneurysm type distribution in 222 patients
Type N
Crawford type I 30
Crawford type II 58
Crawford type III 41
Crawford type IV 23
Crawford type V 4
Suprarenal aneurysms 10
Juxtarenal aneurysms 8
Anastomotic/visceral patch aneurysms 18
Dissections 15
Otherwise pathologic aortas 15
An Emergency Visceral Hybrid Procedure 165scan) cases in the 38 articles analysed above. Out of the 16
articles which described VHP as a treatment of a ruptured or
symptomatic aneurysm, only 12 provided adequate infor-
mation for further analysis (Fig. 1). A total of 34 patients
treated urgently could be identified (Table 4); of which 13
were men, seven women and gender unknown in 14 cases.
The patients were aged between 37 and 78 years, and 15 of
the 34 patients had had a previous central vascular recon-
struction. Fourteen were treated for a ruptured and 20 for
a symptomatic aneurysm. In 17 patients, no CT data were
provided which indicated the diagnosis as ‘ruptured’ or
‘symptomatic aneurysm’. The remainder was classified on
CT scan image. There was no mention of intra-operatively
identified contained hematomas. The average diameter of
aneurysms was 8.4 cm (range: 5.6e12 cm). The following
aneurysms were detected: Crawford type I (five patients),
Crawford type II (15), Crawford type III (five), Crawford type
IV (two) and Crawford type V (two).44 In addition, two
anastomotic aneurysms and two dissections were treated; in
one the extent was unclear. A total of 114 bypasses were
done. Fifty-three renal arteries were re-vascularised (53/68;
78%), the superior mesenteric artery was bypassed 31 times
(31/34; 91%) and the celiac trunk or its branches 23 timesTable 3 Postoperative complications in 222 patients
Complication N
Type 1 endoleak 20
Type 2e4 endoleak 22
Transient kidney insufficiency 24
Permanent dialysis 10
Prolonged respiratory insufficiency 15
Pneumonia 10
Myocardial infarction 3
Atrial fibrillation 4
Permanent paraparesis 10
Transient neurological deficit 9
Visceral ischaemia 6
Multiple organ failure 4
Ileus, gastro intestinal
bleeding, pancreatitis,
clostridium enterocolitis
These complications
each occurred twice
in the total population
Splenectomy, pulmonary
embolism, (ischaemic)
stomach ulcer, cholecystitis,
wound infection
These complications
each occurred once
in the total population(23/34; 68%) before the aneurysm was excluded. Spinal
drains were used in 23 patients (68%).
The 30-day or hospital mortality rate was 32% (11/34).
Three patients died due to myocardial infarction, three due
to multi-organ failure; the others peri-operatively (unspeci-
fied), or due to haemorrhage, kidney failure, pancreatitis
and/or visceral ischaemia. Other complications were also
seen; as it was not always clear which complications arose
after emergency surgery, under-reporting in this review
seems inevitable. At least two cases of paraplegia occurred
(in one spinal drainage was used); temporary neurological
disability (NZ 3), transient renal impairment (NZ 2) and
need for dialysis (NZ 2) were found as well. A case of pneu-
monia and a duodenal ulcer were also reported. The follow-
up time of the survivors was 12.9 months (range: 1e72
months); for five patients no follow-up data were clear
beyond the 30-day period. Information on graft patency and
endoleak occurrence could not be obtained from the articles.
Discussion
This analysis is based on a number of case reports and small
series with a relatively short follow-up period. When put in
a funnel plot to evaluate publication bias, small series with
high 30-day or hospital mortality rates are clearly under-
represented (Fig. 2). Even though conclusions must be
drawn very carefully, a number of observations can be
made. If we calculate mortality rate in elective visceral
hybrid procedures:
35ðtotal 30-day or hospital mortalityÞ
 11ð30-day or hospital mortality in urgent analysis groupÞ
=188ðelectively treated aneurysmsÞ  100%Z13%
and take publication bias into account, a 13% 30-day or
hospital mortality rate in a group deemed unfit for elective
conservative operation seems a good result. A remarkable
observation is that in the relatively small group of 60
patients in which a two-stage repair was planned, seven
patients (12%) died before the procedure could be
completed; four of these deaths were due to rupture of the
aneurysm. One could postulate that these deaths may have
been prevented by performing a one-stage procedure. The
cost in terms of complications of this treatment does not
seem to be worse than conventionally treated patients.
Previously reported complication rates for open TAAA
surgery include 7.9% cardiac complications45 and 27e32%
pulmonary complications.45,46 Paraplegia is reported in
3.8% of patients when spinal drainage was used compared
to 33% of patients when no drainage was applied45,47; need
for dialysis is reported to be 4.6e5.6%.45,48 In our review on
VHP in TAAAs, 5% cardiac complications, 11% pulmonary
complications and 5% (10/222) paraplegia (five cases
despite the use of a spinal drain) were reported. Post-
operative need for dialysis was reported in 5% of the
patients. A 13-month graft patency of more than 97%, with
only three re-operations for graft obstruction, seems very
promising as well. Patency rates of 98% after 1 year and 96%
after 5 years have been reported for renal re-vascularisa-
tion49 and 95% and 82%, respectively, for retrograde
mesenteric bypasses.50 Twenty type 1 endoleaks (9%) and
Table 4 Characteristics of the reviewed articles concerning patients with a symptomatic and ruptured aneurysm who were
treated by means of VHP
Year Author N Age
(yr)
Range Diameter
(cm)
Range Symptomatic Rupture 1 stage 2 stage 30-day/
hospital
mortality
FU
(months)
Range
2003 Kotsis et al.15 2 71 68e73 7.5 6e9 1 1 2 0 1 6 6
2004 Lundbom et al.20 1 54 54 NA NA 0 1 1 0 0 34 34
2005 Bonardelli S et al.22 1 65 65 6.1 6.1 1 0 1 0 0 7 7
2006 Black et al.5 7 NA 37e81 7.6 5.5e9 4 3 7 0 5 11.5 2e20
2006 Resch et al.9 5 NA 33e77 7.5 5.6e10 3 2 2 3 2 NA NA
2007 Gawenda et al.29 3 62 53e68 8.3 7.5e10 1 2 3 0 0 12 12
2007 Testi et al.30 1 58 58 NA NA 1 0 1 0 0 9 9
2007 Lawlor et al.33 1 78 78 7 7 0 1 1 0 0 2 2
2008 Hughes et al.35 2 NA NA NA NA 2 0 2 0 0 1 NA
2008 Imai et al.39 2 79.5 77e82 8.3 8.2e8.3 0 2 2 0 1 15 10e20
2008 Kanaoka et al.41 1 72 72 NA NA 1 0 1 0 0 72 72
2008 Wolf et al.43 8 61.5 57e66 10.5 9e12 6 2 8 0 2 4 1e12
166 E.M. von Meyenfeldt et al.22 type 2e4 (10%) were reported; this is comparable to the
results of ‘simple’ endovascular aneurysm repair (10.5% and
13.7%, respectively).51 Only 15 re-interventions (14 percu-
taneous) were needed for endoleaks during the follow-up
period. Our review of all reported VHPs aimed to include as
many procedures as possible, in contrast to the 2007 review
of Donas et al. in this journal.52 Since series are small and
methods of reporting are varied, drawing a line for inclu-
sion introduces the risk of missing valuable information like30 day / in hos
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Figure 2 Funnel plot showing under-representation of small serie
of 16%, suggestive of publication bias. Labels represent referencethe reported high mortality rate before completing a two-
stage procedure.
With this review, we attempted to determine the site of
acutely performed VHPs in patients with ruptured and
symptomatic TAAAs ineligible for open surgery. A procedure
with relatively acceptable complications and mortality
rates can provide an opportunity for elderly patients or
people otherwise unfit for open surgery with ruptured and
symptomatic TAAAs to continue leading a meaningful life.pital mortality (%)
70605040
23
14
ublication bias
s with high 30-day mortality relative to the cumulative average
numbers.
An Emergency Visceral Hybrid Procedure 167The32%mortality rate in thesymptomatic/rupturedgroup
also is comparable to the reported 26e72% mortality of acute
open repair. Considering the expected near 100% mortality if
left untreated in this population ineligible for open surgery,
32% can be regarded as a promising result. Especially since
the occurrence of complications does not seem to exceed
what is deemed to be acceptable in open surgery.
Conclusion
The careful conclusion can be reached that visceral hybrid
procedures in acute setting should be considered when
patients are willing and able to undergo this procedure and
the surgical team is able to perform it. The ability of the
patient is greatly defined by the presence of a contained
rupture, in which the patient is stable enough to undergo
major abdominal surgery before the ruptured aneurysm is
excluded. The available data are scarce and biased, but
they do show a reasonable success rate in a patient cate-
gory that faces a (near) 100% chance of death if the
ruptured TAAA is left untreated because of their co-
morbidity. The price that has to be paid is that of compli-
cations of the procedure. The rates of these grave
complications (e.g., paraparesis and need for dialysis) seem
to be less than the rates of open (elective) surgery, even
though no high-level evidence is available.
VHPs can be performed electively in patients with TAAAs
deemed unfit for conventional surgery without higher
mortality and morbidity rates. Whether the VHP should, in
time, replace elective conventional surgery for thoraco-
abdominal aortic pathology in all patients should be
a subject of research.
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Case report
The Case Report ‘‘Emergency Visceral Hybrid Procedure for
ruptured Thoracoabdominal Aortic Aneurysms. A case
report’’ by von Meyenfeldt et al. is available on-line only. To
view this please go to DOI: 10.1016/j.ejvsextra.2009.03.004.
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